The Sub-picosecond Accelerator at Los Alamos National Laboratory is a 1300 MHz, 8 MeV photoinjector. Concerned mainly with the exploration of bunched electron beams, the Sub-picosecond Accelerator facility is also used for a variety of other research. One ongoing task is the exploitation of the second moment properties Accelerator.
INTRODUCTION
The primary mission of the Sub-Picosecond Accelerator facility (SPA) [l] is to explore the uses and dynamics of bunched electron beams. State of the art in its field, SPA has compressed electron pulses containing 1 nC of charge to sub-picosecond lengths [4] .
0-7803-4376-X/98 /$10.00 0 1998IEEE Using a photoinjector as the source for the electron beam gives us the ability to dictate the shape of the initial electron pulse. In turn, this enables efficient bunching of the beampl.]. However, the attributes that make the photoinjector ideal for compression experiments also create problems for the electron beam diagnostics. A photoinjector accelerates the electrons to relativistic velocities very quickly. As a result, the beam does not have time 1. 0 come to equilibrium. Its spatial distribution will be unknown and cannot be well approximated by a Gaussian [3] , [5] . Therefore, when measuring the rms emittance of the beam, the diagnostic technique can make no assumptions about its spatial distribution.
Roger Miller et. al. first proposed using beam position monitors (BPMs) in a non-intercepting emittance probe [2] . Later, it was demonstrated that this technique measures the rms emittance without reference to the spatial distribution of the beam [6] , making it ideal for SPA. What is presented here are the preliminary results of rms emittance measurements of the SPA beam using 
DATA ACQUISITION
The BPMs used in this experiment are dual-axis, capacitive probes [7] . The signals generated in the four electrodes of the BPM are transported down a transmission line where: they are filtered by 300 MHz, low-pass filters, digitized by two, dual channel 54111D HpTM Oscilloscopes and captured by a PC running LabViewB. After the four signals are interpolated, the peak-to-peak voltages of each micropulse is determined. Then, using the BPM calibration that has previously been determined[8], [9] , the beam center, (?,y), and second moment,
(x2) -(y') is the difference in the rms widths of the beam.
MEASUREMENTS
The first is a check of the BPM calibration. The second is the emittance measurement itself.
Calibration check
I have performed two types of measurements.
To check the calibration, I first transport the beam to the BPM location. Then, without changing the upstream focusing, I move the beam center to several positions in the BPM aperture with a simple steering coil. Since the beam focusing is constant, (x') -(y') is constant.
Therefore, if the calibration is correct, a plot of the second moment versus x2 -y' should be a straight line with slope equal to one. Figure 3 is The slope is equal to 09 5rt 0 0 3 E.
Since the values of x2 -7' and the second moment are both determined by the BPM signals, this is not an absolute check on the accuracy of the BPM calibration. However, it does provide a check on its consistency. emittance measurements.
Schematic of beam line section used for

Emittance measurement
To measure the emittance, we use a section of beam line like that shown in Figure 4 . The quadrupole magnets are set to a number focusing strengths, each one carefully chosen to avoid numerical instabilities in the final result [lO] . At each setting, 99 beam shots are grabbed and the average value of ( x') -( y') is determined.
Since the section of beam line in Figure 4 is linear, it is represented by a linear transfer matrix for each setting of the quadrupoles. Then, it can be shown that the value of (x') -( y z ) at the BPM position is linearly related to . . the rms beam parameters, (x'), (n'), (x"), (y'), (yy') and (y''), at the entrance to the first quadrupole [2] . Changing the focusing of the quadrupoles at least six times results in a set of linear equations that can be solved to obtain the rms beam parameters at the entrance to the first quadrupole. Then, the rms emittances are given by E, = Jm,
I have performed several emittance measurements on the SPA beam using this technique. For a 1 nC per bunch beam, a typical result is E, = 5.3 n mm mrad 3I 0.27 n mm mrad and E, = 4.3 n mm mrad 3I 0.34 n mm mrad.
Expressing these as normalized emittances gives E, = p p x = 94 n; mm mrad k 4.8 n: mm mrad and E,, = ppY = 76 n: mm mrad & 6.0 n mm mrad.
The errors are estimated according to [2] .
CONCLUSIONS
Overall, our progress to this point is promising. We are getting reasonable results using Miller's technique.
From simulation, we anticipated that the rms normalized emittances should be a factor of 10 lower than what we measure. However, we have inadvertently been operating with a sizable magnetic field in the region of the photo-cathode, increasing the emittance.
A second issue is the accuracy of the measurement, which is not as good as we hoped. This can be attributed to two factors: the limited accuracy of the digitizing oscilloscopes and the shot-to-shot instability of the electron beam.
At a 1 giga-sample per second digitizing rate, the Hpm 541 11D oscilloscopes are effectively limited to six bit accuracy. Experimenting with an oscilloscope that has 8 bit accuracy and a 500 mega-sample per second digitizing rate has shown marked improvement. 
Sum of BPM Electrodes (beam intensity)
As mentioned, SPA'S shot-to-shot stability is poor. Figures 5 and 6 demonstrate this. Figure 5 shows a plot if beam intensity (sum of the BPM's four electrodes) versus measurement number for 90 beam shots. Figure 6 shows a plot of (x') -(y') versus measurement number for the same 90 beam shots. We hope to improve the stability in the next few months.
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